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Abstract: Polyvinyl alcohol ( PVA ) nanofiber materials were prepared by single-needle
electrospinning and rotary needleless electrospinning techniques. The process parameters such as the
mass fraction of the spinning solution, the spinning voltage, the supply rate of the spinning solution,
and the receiving distance were adjusted through single-factor experiments to compare the
spinnability of the PVA system in the two techniques and to explore the influence of each parameter
on the morphology of PVA nanofibers. The experimental results showed that the spinnability of PVA
system differed between the two electrospinning technologies. The spinning process window of
needleless electrospinning in the PVA system was narrower, and morphology defects such as fiber

adhesion were more likely to occur. At the same time, the spinning voltage required for needleless
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electrospinning technology was much higher than that for single-needle electrospinning technology,

and due to the influence of gravity, needleless electrospinning technology was more likely to produce

coarse fibers. The simultaneous formation of multiple jets made needleless electrospinning technology

have a much higher nanofiber production rate, which was approximately 207 times that of single-

needle electrospinning technology. The research findings can provide references for the large-scale

production of electrospun nanofibers from polymer materials.

Keywords : polyvinyl alcohol (PVA) ; nanofiber; needle electrospinning; needleless electrospinning;

mass fraction of spinning solution; spinning voltage ; supply rate of spinning solution; receiving distance
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Fig. 1 Schematic diagram of spinning principle of electrospinning equipment

Wi 4 A B B (] SUS010 37 & S 13 e % ( H AR
H 3743 R WLEERE S OIS, FE e H 150 ~200 AR
L1 45, KLV ER 374K Tmage-Pro Plus 6. 0 3]
wHER, G EAR Mg B A AR,

2 X548

2.1 S PVA RESBXAKTERLRN
=]

TERETFR Y 22 (A5 T AT, ’E
HLEN 20 kV BF 3 E R 0.3 mL/h 2 2550
17 em; FETCEH LYy 22 (fRTFR TCET 957 ) T2, ik
BTN 70 kV W22 55 40N 5 v/min FRUEE 2SR
17 em, Bc 6 5T & 5 800 i 8 18% ., 20%  22%
24% 26%1 PVA 2522, PR T Lk Fr i g5 22 1.
BB % PVA 9K eF 4, AR R 2800 PVA
L 2 WA BRI R SR AL 1 R, nT AR L B
PVA JFTit /3 B3 hn , 2 B2 A S 38 S 90 1 Y
FEEIN

F1 FEAREHHUH PVA HLBENREMBSE
Tab.1 Viscosity and conductivity of PVA spinning

solutions with different mass fractions

PVA [FEDMEU/ %  #iJE/(mPa-s)  HL5#/(uS-cm™)

18 366 567
20 687 582
22 1137 590
24 1 926 598
26 5 540 620

ARl S U PVA 25 22 245 5 95 M

i TIN5 A3 20 0 40K 27 4 = iR 4 an 1l 2 e
Mo M 2 AJLUE .24 PVA i 580 18% 0,
HEGiMICE 95 T 2RI I GOREF 3 3 T AN
FEIE A HRERGE AL ST P4 . 2% PVA R B0t
2 20% 0, A5G IO 25 T2 A AR £ i %
WA, A EF L7 1 255 B0 G5 22 AT Tk
TR UE SR AR RE | ST A £ 2k 5 R 4 ) Bk i T2
FIGARIBI ., TGk 25 )5 i, TS 4F 4ef3 38 T
REFR s, LT KEB A4 (DAL 4
BT AOE I, 3 ] BE5 J0ET 97 41 2 /Y i 7 204 O
TENERE R TCE i &, REW SRR E R I
VE R GBI I8 22 3 Tt i 3R 5 ) 27 2200 T 114) R 11T 7
FIMIE R FF AR A SR e B ok T £
()75 (8], £F AEmT B 8 ) R A W S
%, ZHH I — 7 I AT H = G OK T A 0 A
ARG — 7 123 S B R B BN SR AR
TRFZMOR 11 3 8 2 DLHES ) ek 1 S i 3 J T A
VE . M PVA EECN 22% 1 24% I A5 545 FITG
EH 25 T 2SRRI IE 50 R A5 I A0 K 1 4, 16 B B A
) PVA Zi 22 i ZE B S i S R BRI, 1
FEELRIE TR G WAL FooE Wl H A R a
T 550t B A B A FR 3 T Al O B & AN
FR¥fEshrseanfb 15 250 R AR aF 4

M PVA 7 22 it 7 50k 26% 0 A 595 1.2
AP RESE IR AE 2 22 , (B TCET 45 T A9 4 oK £F 4k v s B
T YR SIF LG X G Y LW PERA X,
it 4y BN 26% ) PVA 25 22 9% HBh B 52 4 &
5540 mPa-s, RIEW TR EW o7 FHEM &L T W
ERLS U T % AR R YA I 2, 3K Fh 4 45



Fd ks
2026 F£5 3

EURMAR

Technical Textiles

I, FRIEHH "1

O S um

a) 18%, f%t%i

| Sema

&= -
TS
o 5,

b) 20%, fEt9i

Q S.pm

Q) 20%, Tk

SNm

) 18%, JkHTi

¥ pm

55

5 pm S um .

JCEHYi

¢) 22%,

h) 22%,

3 um S um

d) 24%, HEY; ) 26%, FHEHYi

i) 24%, kY j) 26%, JkHY

B2 REFEZH53 PVA & Lk b &0 K 4 4 SEM B K

Fig.2 SEM images of nanofibers prepared from PVA spinning solutions with different mass fractions
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Fig.5 SEM images of surface of nanofiber materials prepared under different spinning voltages
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Fig. 6 Diameter distribution of nanofibers prepared under different spinning voltages
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Fig. 7 Impact of spinning voltage on average fiber diameter

prepared with two electrospinning processes
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Fig. 8 Schematic diagram of force analysis on polymer jet
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Fig.9 SEM Images of surface of nanofiber materials prepared under different spinning solution supply rates
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Fig. 12 SEM images of surface of nanofiber materials fabricated at various receiving distances
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prepared with two electrospinning processes
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